Mutations in the linker region of BvgS abolish response to environmental signals for the regulation of the virulence factors in Bordetella pertussis.
Expression of virulence factors of Bordetella pertussis is coordinately regulated by the products of the bvg locus, which codes for a sensory protein (BvgS) and a positive regulator of transcription (BvgA), a pair in the family of bacterial 'two-component' regulators. Transcription of the bvg-regulated promoters is repressed by modulating environmental factors such as 50 mM MgSO4, 10 mM nicotinic acid (NA) or low temperature (25 degrees C). We have isolated a spontaneous mutant (SK170) which expresses virulence genes at either 25 degrees C, or in the presence of 1-5 mM NA, or 10-50 mM MgSO4. Virulence factors in strain SK170 are still repressed by higher concentrations of NA (10 mM), or by a combination of low temperature (25 degrees C) and one of the other modulating agents. From this strain, we have isolated a second mutant (SK180) that showed constitutive synthesis of the virulence factors under any growth regime. Nucleotide (nt) and deduced amino acid (aa) sequence analysis showed that SK170 contains a substitution at aa570 of BvgS and SK180 contains an additional substitution at aa680. These substitutions are confined to a 161-aa sequence that links the transmembrane (TM) and kinase domains of BvgS. These mutations also alter the transcriptional autoregulation of the P1 and P2 promoters of the bvg locus. P1, which in the wild-type (wt) strain is repressed by modulating agents, is constitutively active in the mutant strains. On the contrary, P2, which is normally induced by all three modulating agents, is active in strain SK170 only in the presence of MgSO4 or NA, while in strain SK180 this promoter is repressed by modulating agents. The mutants exhibit elevated levels of the BvgA regulatory protein and have a virulent phenotype also in the presence of modulating agents.